Abstract
Introduction
Emergent large-vessel occlusion (ELVO) secondary to internal carotid or proximal middle cerebral artery occlusions may lead to malignant infarctions that are associated with high mortality rates and poor outcome [1] . Intravenous tissue plasminogen activator (tPA) has limited efficacy in such patients [2] [3] [4] [5] but endovascular therapy (EVT) has recently proven effective in several randomized prospective studies [6] [7] [8] [9] [10] [11] . Administration of intravenous tPA followed by EVT is the procedure of choice for most patients with large-vessel occlusion [12] [13] [14] [15] . Rapid target vessel recanalization is associated with higher chances for favorable outcome in patients with large-vessel occlusion [16, 17] and therefore early direct EVT (dEVT) may be advantageous in these patients by shortening the time to reperfusion [18, 19] . Several recent studies looked at individual or pooled data from recent observational or randomized studies yielding conflicting results [20] [21] [22] [23] [24] [25] [26] . Thus, while most did not find differences in outcome between dEVT and bridging [20, 22, 24] , some found advantages for dEVT [21, 25] , while still others were able to detect benefit for bridging over dEVT [26] . In a recent topical review article summarizing the data up to date, there were no conclusive recommendations that could be drawn regarding which strategy was better but it was noted that dEVT may be noninferior to bridging [27] . The aim of the current report was to evaluate whether dEVT is superior to bridging in achieving excellent outcomes among patients with ELVO enrolled in a nationwide prospective database.
Patients and Methods
Patients undergoing EVT and/or thrombolysis were prospectively included in the National Acute Stroke Israeli Survey of Patients Undergoing Revascularization (NASIS-REVASC) in 6 comprehensive stroke centers between 1/2014 and 3/2016. Institutional review boards approved the study in each of the participating institutions. The diagnosis of ELVO with either internal carotid or proximal middle cerebral artery occlusions had to be established clinically and proven on vascular imaging. For the current analysis, we specifically included patients that underwent EVT and presented to the emergency department within 4 h from symptom onset in order to maintain a homogeneous group of patients. Patients that improved following systemic thrombolysis and were thus not considered as candidates for EVT were not included in this analysis. We did not use any specific radiological inclusion criteria other than stroke with internal carotid or middle cerebral artery occlusion and/or perfusion deficit on CT corresponding to this vascular territory. Patients transferred to treating centers from other hospitals were included if they met the criterion of presentation to the center performing the endovascular treatment of less than 4 h from symptom onset. We specifically used this time point in order to obtain a more homogeneous group of patients thus allowing treatment with tPA within 4.5 h from symptom onset in all included patients.
We accrued data based on a standardized questionnaire that was used in all participating centers. Data included vascular risk profile, time metrics, infarct etiology classified according to TOAST criteria [28] , neurological deficits determined with the NIH Stroke Scale (NIHSS), and functional deficits before admission and at 90 days following infarct determined with the modified Rankin Scale (mRS) score.
Radiological parameters were not available for analysis at a central core laboratory for this study and the extent of infarction was quantified locally at each center according to conventional measures such as ≥1/3 of the middle cerebral artery territory or with the use of the Alberta Stroke Program Early CT Score (ASPECTS) scale as per individual institutional protocols. Data was analyzed according to whether or not the patients received tPA prior to EVT (bridging vs. dEVT).
Therapeutic decisions of whether to bridge or go directly to the angio suite for dEVT were made at the discretion of the treating physician in each participating institution on an individual basis. Patients with contraindications to tPA (e.g., international normalized ratio > 1.7, known bleeding tendency, recent major surgery etc.) were routinely referred to dEVT. Patients who failed to show significant improvement on the NIHSS at the end of tPA infusion were transferred to the angio suite for EVT per local protocols at each center and clinical discretion of the treating physician (e.g., failure to achieve significant improvement as defined by a drop of less than 8 points on the NIHSS from presentation) [29] .
Endovascular procedures were performed according to the treating center's protocols. Use of both stentrievers and primary aspiration devices was allowed.
The outcome parameters for this study were survival and functional outcome at 90 days following stroke. Excellent outcome was defined as an mRS score ≤1 at discharge and 3 months following stroke. mRS was evaluated at the participating centers as part of ongoing follow-up of the patients. Vessel patency was classified with the thrombolysis in cerebral infarction (TICI) scale [30] . The safety outcome measures were the percentage of overall intracerebral hemorrhage and symptomatic intracerebral hemorrhage as per participating center protocols with the most widely used being the ECASS3 criteria [31] . Outcome data was analyzed for patients included in the database up to December 2016.
Statistical analysis was performed using R statistics [32] . For univariate analysis, patients were compared using χ 2 tests for categorical variables and Student's t test or the Mann-Whitney test for continuous variables. We then used multivariate logistic regression analysis models that included treatment allocation (bridging vs. dEVT), admission NIHSS (per point), age (per year), gender, time to endovascular treatment, and stroke subtype to determine the effects of these variables on defined specific outcomes per model including survival, favorable recanalization (TICI 2b-3), and favorable outcome.
Results
Of the 1,461 patients included in the NASIS-REVASC, 392 underwent EVT. Of those, 270 presented within 4 h and were included in the analysis (Fig. 1 ). Of those, 159 (59%) underwent bridging with tPA prior to EVT and 111 (41%) underwent dEVT ( Fig. 1 ). Of note, 7 (6%) of the 111 patients that underwent dEVT had absolute contraindications to tPA. Atrial fibril- lation and congestive heart failure were more common in the dEVT group (43 vs. 30%, p = 0.04 and 20 vs. 8%, p = 0.009, respectively) but other risk factors, demographics, stroke severity, and subtypes as well as baseline and final TICI scores and time to thrombectomy did not differ between the groups (Table 1) . Time to groin puncture or groin puncture to recanalization did not differ between the groups (Table 1) . When comparing patients transferred from a primary center to those treated directly at the tertiary centers, the time to EVT was 
While the rates of favorable reperfusion defined as a TICI score of 2b or higher did not differ between the groups, the rates of complete reperfusion defined as TICI 3 were significantly higher in the dEVT group (75 vs. 61%, p = 0.03).
In-hospital mortality rates and discharge destinations did not differ between the treatment groups. Excellent outcome rates at discharge did not differ between the groups (22 vs. 16.5%, p = 0.36; Table 2 ). Functional outcome data at 90 days following stroke was available for 73 (66%) patients in the dEVT group and 103 (65%) patients in the bridging group. Similarly to the results observed at discharge, the rates of excellent functional outcome did not differ between the groups (27 vs. 35%, p = 1; Fig. 2 ; Table 2 ).
On multivariate regression analysis, treatment modality did not significantly modify the chances of excellent outcome at hospital discharge (OR 0.7, 95% CI 0.3-1.5) or at 3 months (OR 0.8, 95% CI 0.4-1.4; Fig. 3 ). However, admission NIHSS (OR 0.85, 95% CI 0.78-0.92 per point), age (OR 0.96, 95% CI 0.94-0.99 per year), and time from symptom onset to groin puncture (OR 0.75, 95% CI 0.59-0.93 per min) negatively impacted the chances for excellent outcome and major early recovery (Fig. 3) . Similarly, treatment modality did not modify the chances for early major recovery (OR 1.64, 95% CI 0.68-4.08), discharge to home (OR 0.67, 95% CI 0.34-1.32) or in-hospital mortality (OR 0.9, 95% CI 0.36-2.34). The only variables that modified the chances for mortality were age and admission NIHSS (Fig. 3) .
Discussion
In the current study, bridging and dEVT resulted in similar survival and favorable outcome rates in patients with ELVO. TICI 2b-3 reperfusion status was very frequent in patients treated with either bridging or dEVT corroborating findings from prior randomized studies [6] [7] [8] [9] [10] [11] . Interestingly, however, the rates of complete reperfusion with a final TICI score of 3 were higher in the dEVT group. This may suggest that with larger numbers of included patients, a difference in outcome in favor of dEVT may become evident but this point needs to be proven in future studies. However, it should be noted that TICI 3 is just one potential modifier of outcome and futile recanalization in conjunction with poor collateral state and large ischemic core with high NIHSS has previously been described. In the present study, age and admission NIHSS were identified as prognostic factors on multivariate analyses but treatment allocation did not influence outcome. This is in agreement with a smaller single-center pilot study that examined the effects of bridging versus dEVT on outcome and found no such impact [18] as well as with several other retrospective studies [22, 23, [33] [34] [35] and prospective registry data [20, 21, 24] that did not find differences in outcome between patients treated with bridging and those treated with dEVT. In contrast, other retrospective studies found lower mortality rates [23] , lower symptomatic hemorrhage rates and higher reperfusion rates in patients treated with dEVT [36] while two meta-analyses on the subject found evidence for lowering mortality and severe disability rates with bridging [26, 37] .
The different outcomes observed in these studies probably stem from inhomogeneous patient populations, inconsistent outcome measures, and nonstandardized therapeutic protocols as well as from potential selection bias since in some studies patients were referred to dEVT based on the preference of the treating physician, while in others patients were referred to dEVT only if they had contraindications for tPA. Furthermore, some studies included patients presenting up to 7 h from onset, while others only included patients presenting within 4 h from symptom onset. Moreover, while thrombectomy devices were used in most studies, others primarily used aspiration devices [19, 23, 33, 38] . These differences probably account for the differences in outcomes observed across existing studies. In contrast, all included patients in the present study presented within 4 h of symptom onset and the vast majority were treated with stentriever devices.
At any rate, the conflicting data raise the need for a prospective randomized study to evaluate the two therapeutic strategies of bridging versus dEVT in patients with ELVO.
The data presented in the current study has the advantage of being prospective and of only including patients that presented within the time frame of otherwise being eligible for tPA. Most of the other studies on the topic included late presenters who would otherwise be ineligible for tPA and may have inherent poorer outcomes.
Of note, stroke severity and vascular risk factors were similar in both groups except for atrial fibrillation and congestive heart failure which were more frequent in the dEVT group. This imbalance may be due to the fact that patients with atrial fibrillation on anticoagulants had contraindications for tPA and thus for bridging. Importantly, time metrics including onset to recanalization did not significantly differ between the groups suggesting that bridging does not delay EVT. However, time from onset to EVT was prolonged in bridged patients that were transferred from other hospitals and this may suggest that in transfers significant delays may occur. Because our results further stress the role played by rapid reperfusion as a potent mediator influencing outcome for both EVT [16, 17] and bridging [39] , the topic of delays caused by transfers should be studied in larger groups of patients in future randomized studies.
Our study has several limitations. First, the current study was not randomized and treatment allocations were made at the discretion of the treating physician. This may introduce selection bias as different centers and even different physicians in the same center may have different attitudes and prevailing clinical practices. Thus, while some emphasize administration of tPA in each eligible patient, others believe that in patients with internal carotid artery or basilar artery occlusions, the rates of recanalization with tPA are so small that patients would be better off with dEVT [2] [3] [4] [5] . Since individual physician trends were not deliberately studied in this database, we do not have exact data as to how many patients were tPA eligible but were directly sent to dEVT based on the treating physicians' view that chances for obtaining recanalization with tPA are very low. This topic is very complicated because different variables including age, premorbid cognitive and functional status, and personal experience of the treating physician probably all factor in when making a decision of whether or not to skip tPA and go directly to EVT. Furthermore, local insurance companies do not mandate tPA administration prior to EVT. Second, the lack of finding significant differences in outcomes between the groups may also have been a result of our relatively small sample size. This is also suggested by the wide confidence interval observed. Third, given the lack of central imaging data, we could not assess the impact of collateral grade in the current study. Fourth, we do not have exact data on the number of patients that improved with tPA to the degree of not needing EVT. However, when we cross-referenced patients that presented with NIHSS scores over 10 and received tPA with those that were not given EVT because of rapid improvement, we could not find any patients with suspected ELVO and rapid improvement on tPA to the point of not needing EVT. Furthermore, judging from the literature, the percentage of patients with ELVO that improve with tPA is very small [2] [3] [4] [5] . Finally, due to the format of data accrual, outcome data was categorized as excellent (mRS score 0-1), fair (mRS score 2-3), poor (mRS score 4-5) or death (mRS score 5). We cannot exclude the possibility that if we had classified outcome as favorable (mRS score 0-2), fair (mRS score 3), poor (mRS score 4-5), and death (mRS score 6), the results may have been different, but this classification was unavailable to us at study completion. Due to these combined limitations, we believe that our results should be viewed as hypothesis-generating data that suggest the justification of future randomized studies. Nevertheless, our results are based on prospectively enrolled patients and all centers were large-volume centers with experienced stroke teams. Furthermore, our data may be viewed as replicating "real world" data outside of studies as they reflect the same gaps in knowledge that lead to the inconsistency observed in treatment allocations by different physicians.
In conclusion, for patients undergoing EVT, bridging and dEVT appear to lead to similar clinical outcomes with slightly better technical success (TICI 3) observed in patients undergoing dEVT. The equipoise to whether bridging provides additional benefits over dEVT should be resolved in future randomized controlled studies.
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